This study aims to evaluate a new proposed device for separating oil / water mixtures, which has an operating principle similar to a traditional hydrocyclone. Modifications in the geometry and in the operation principle of the equipment have been suggested to improve the separation efficiency of the fluids, because these parameters have a decisive effect on the flow behavior inside the equipment and on fluid separation. The ANSYS CFX software was used as a simulation tool. The changes in oil concentration feed influenced the efficiency.
INTRODUCTION
The disposal of industrial effluents into the environment, especially produced water by the oil industry, is a problematic that has attracted the attention of engineers and researchers. The presence of oil in these waters is a common situation and its disposal should meet the specifications regulated by environmental agencies in each country (Barbosa, 2011).
The oil industry has employed different separation processes such decantation, coagulation/ flocculation, filtration, adsorption, centrifugation, heat treatment, to separate water/oil mixtures. Among the different equipments used in the process, the hydrocyclone can be highlighted. Advantages presented by the cyclone include having a high-processing capacity, offering lower units and short residence times, and presenting a low cost of implantation and maintenance (Alves, 2012).
Hydrocyclones are equipments of simple construction, built with cylindrical and conical parts, tangential inlets. They have two outlets axially positioned in the equipment: one located near the feed tube and another located at the end of the vertex of the conical body (Farias et al., 2011) . Figure 1 shows a schematic view of a traditional hydrocyclone. The operating principle of a hydrocyclone consists of: 1. The mixture enters tangentially in the cross section of the cylindrical part; 2. Due to the pressure difference between the center and the walls of the device, there is the formation of a rising flow in the central region, and another descending, near the walls (Moraes, 2004 Thus, this paper aims to study new water-oil separation equipment, similar to the hydrocyclone, using CFD (Computation fluid dynamic). It also investigates the influence of the fluid mixture concentration on the separation efficiency of the equipment.
MATERIALS AND METHODS

Description of the problem
The physical problem consists in using the water/oil two-phase flow within a proposed cyclonic separator, positioned horizontally. Differently from traditional cyclonic separators, this new separator consists of a conical main body provided with two tangential inlets and two concentric outlets of different radius, as seen in Figure 2 . 
Computational domain
A representation of the domain of study was created using tools available in ICEM CFD software, resulting in a structured mesh with 300,000 control volumes, as shown in Figure 3. 
Mathematical modeling
The mathematical representation of the twophase flow within the cyclonic separator was based on the Eulerian-Eulerian approach, which assumes that all the equations are solved for each continuous and dispersed phase. Coupling between the phases is given by the interfacial transfer. The following assumptions were adopted: a) Newtonian and incompressible fluid; b) Steady state and isothermal flow; c) The walls of the equipment are static and smooth; d) Turbulent flow; e) Water is the continuous phase and oil is the dispersed phase.
With these considerations, mass and momentum conservation equations are reduced to:
Where the subscript represents the phase, and f,  and are the volume fraction, density and velocity vector, respectively.
Where p is the pressure, M  describes the interfacial drag force in the α phase due to interaction with the β phase, defined by:
Where dp is the particle diameter and CD is the drag coefficient, which were assumed equal to 0.05 mm and 0.44, respectively. These values were based on the results presented by Marins (2007) when studying experimentally the separation efficiency of a traditional hydrocyclone.
 Turbulence model
With the presence of a turbulent flow inside the device, the mass and momentum equations (Equations 1 and 2) aren't able to adequately predict the oscillations arising from this phenomenon. In addition to the equations of conservation, it is necessary to use a suitable turbulence model. Therefore, the RNG kturbulence model was used to describe the turbulent behavior of the envolved phases in flow. Barbosa (2011) showed that this model was the best representative of the flow inside a traditional hydrocyclone.
This model consists of the following equations:
Where k is the turbulent kinetic energy, is the turbulent dissipation, which is the rate at which the velocity fluctuations dissipate, and  is the turbulent viscosity obtained by:
being Ca constant.
In the Equation 4 pk is the production of turbulence due to the viscous and buoyancy forces or shear production, defined by:
Being pkb the term of thrust producing, modeled as follows:
Where σρ is a constant equal to 1. 1
Where  and RNG are additional constants of the model. 
Where E is the efficiency of separation, Co and Cf are the proportion between the oil mass flow rate in outlet 2 and mass flow rate of the mixture in the inlet of the cyclonic separator.
Husveg et al. (2007) used the Equation 11
to determine the separation efficiency.
Where E' is the efficiency of separation, Ko and Kf are the concentrations of oil in the outlet 2 and in the inlet, respectively. The unit of concentrations is kg of oil/m³ in mixture.
Boundary conditions
The following boundary conditions were used: The physic-chemical properties of water and oil used in this study are shown in Table 1 . Table 2 shows the cases studied, varying the oil concentration at the inlet of cyclonic separator. 
RESULTS AND DISCUSSION
The numerical results of the simulations for the cases described in Table 2 are analyzed by flow lines, pressure field, velocity profiles, and oil concentration field within the cyclonic separator. 
(d) Figure 8 shows the tangential velocity profile of water on the regions represented in the Figure 7 . It is possible to notice that the amplitude of tangential velocity is not influenced significantly by the increase in oil concentration in the feed. However, the amplitude of this parameter has increased over the cyclonic separator for all cases studied. The symmetry in the velocity field can also be highlighted. Figure 9 shows the oil concentration distribution inside the equipment. By analyzing it, one can notice that the cyclonic separator tends to concentrate the oil in the center region, following the pattern proposed for the equipment. It is noticeable that the higher the oil concentration at the inlet, the higher the percentage of oil obtained in the center of the equipment. The separation efficiency was calculated using equations 10 and 11. Figure 10 shows these efficiency values as a function of the oil volumetric fraction in the inlet.
The results show that the efficiency values obtained with the two mathematical equations were different. Higher values were obtained when using equation 10 (efficiency E) for all studied cases. However, it is observed a similar behavior for efficiencies calculated by the two relationships; both give a short decay on the efficiency with the increase in oil concentration at the inlet. 
CONCLUSIONS
Based on the numerical results of the water/oil separation process using the cyclonic separator, it can be concluded that:

The oil tends to flow in the central region of the equipment, until be collected at the outlet 1; 
